The recent elucidation of the enzyme systems involved in nitrate reduction in Neurospora crassa (Evans and Nason, 1952; Nason and Evans, 1953) ; Bacillus pumilis (Taniguchi et al., 1953) ; Escherichia coli (Taniguchi et al., 1956; Nicholas and Nason, 1955 ) and higher plants , has renewed interest in the general problem of nitrate reduction and nitrate assimilation in microorganisms. The demonstration that diverse pathways of reduction may exist and, indeed, may coexist in certain organisms (Cheng et al., 1955; Taniguchi et al., 1956) indicates that a further systematic attack is needed before any over-all generalizations can be made.
Since no previous reports of the cell-free enzyme system from yeast have appeared in the literature, a study of the nitrate reducing system of the nitrate reducing yeast, Hansenula anomala, was undertaken. The observations reported in this paper demonstrate that yeast nitrate reductase is a metalloflavoprotein requiring reduced pyridine nucleotide as a hydrogen donor. A preliminary report of this work has appeared (Silver and Nickerson, 1956 ).
EXPERIMENTAL METHODS
Cultural conditions and preparation of extracts. The yeast strains studied were kindly donated by Professor Walter J. Nickerson, and strain designations refer to the strain numbers from his culture collection. The detailed enzyme studies were made on extracts of Hansenula anomala strain 317. The organism was giown on a medium composed of the following (per liter): glucose, 20 g; KH2PO4, 3 g; MgSO4 .7H20, 0.25 g; CaC12, (Silver and i\IcElroy, 1954) .
One unit of nitrate reductase is defined as the amouint of enzyme requiired to produce ,umoles of nitrite in the above assay system. (Nason an(l Evans, 1953) , E. coli (Nicholas an(d Nason, 1955) , andl higher plants (Evans andl Nason, 1953) The complete system (curve 3) contained 320 units of dialyzed (to remove substrate) crude enzyme, 0.3 ml boiled pig liver extract, 0.27 ,umole D)PNH, 250 ,moles phosphate pH 7.5 in a final volume of 3 ml. At the first arrow 100 uAmoles KNO3 was added, and after 8 min crystalline alcohol dehydrogenase system (ADH system) comprising 3000 uinits ADH and 50,moles ethanol were added as indicated. In the minus enzy me system (curve 1) 0.2 AI phosphate was substituted for the enzyme. In curve 2, the minus nitrate cuvette, water replaced the added nitrate. The absorption of curve 2 was not followed over the interval 4-8 min. The last two readings coincided with the complete system + AD)H. nitrate reductase is also a molybdoflavoprotein.
Attempts to demonstrate this by dialysis against KCN to remove the metal, followed by a second dialysis to remove KCN, and then reactivation with metals (Nicholas and Nason, 1955) 35 units of 3-fold purified nitrate reductase in 0.2 M phosphate pH 7.5 were preincubated with p-chloromercuribenzoate (PCMB) at the concentrations indicated for 5 min in an ice bath. After the preincubation, 0.05 ml of the mixture was pipetted in tubes containing the standard nitrate reductase assav system, modified by the addition of either phosphate buffer, eysteine, or glutathione at a final concentration of 10-3 1I. 0.15,moles DPNH was then added and the assay was completed in the usual manner. Hansenula anomnala strain 317 was grown for 30 hr at 28 C on media containing 6 g/L KNO3 or other nitrogen sources at equivalent N content. The initial pH of all media was 5.2. Extracts and enzymes were made in the standard manner. (Taniguchi et al., 1956 ) is supported.
A report by Sakamura and 1\Iaeda (1950) The enzyme system described in this paper is most similai to the nitrate reductase of Neurospora in all respects except pyridine nucleotide specificity. It particularly resembles the Neurospora system (Silver and McElroy, 1954) in that it is a functional system in vivo as evidenced by a rigid correlation of ability to grow on nitrate as a sole nitrogen source with ability to form the enzyme.
